Abstract-We present the results of a pilot study in which twenty K-12 teachers were introduced to LEGO NXT-G robot programming through a three-day summer workshop. Our aim was to give teachers the confidence and skills to start after-school robotics programs with their students. We present details on the workshop, including the approach we used to recruit teachers and an overview of the three-day course. We discuss the data gathered from the teachers following the workshop and also give our own recommendations for others who may wish to run a similar program.
INTRODUCTION
The U.S. Bureau of Labor Statistics projects that hundreds of thousands of new jobs will be created in Computer Sciencerelated professions and that some of these occupations, e.g. computer software engineers, are among the fastest growing of all [1] . One would imagine that such predictions would lead to an increase in Computer Science education in US secondary schools, but in fact the opposite is true -the number of Computer Science related courses being offered in US high schools has actually seen a dramatic decline over the last several years [2] .
Even if there were a sudden realization by school districts en-mass that it was imperative to introduce or increase their Computer Science offerings, there are very few teacher education programs that have the capacity or curriculum to adequately train pre-service teachers to become Computer Science teachers [2] . Part of the problem is that the K-12 educational standards for subjects like Computer Science and Engineering are not as mature as those for the more traditional STEM areas such as mathematics, biology, chemistry, and physics [3] .
Given this background, we were motivated to find a way to introduce more Computer Science concepts into non-Computer Science classrooms and after-school programs in middle and high schools. We felt that we would have the greatest impact by running workshops for teachers, who could subsequently bring back the material that they learned to their schools and affect many more students than we could hope to teach ourselves.
We chose to use the context of robotics because of the obvious appeal of the medium. Anyone who has walked into a classroom with a robot under his or her arm recognizes the power they have to attract the attention of a room full of students, be they K-12 or even post-secondary. However, some caution is warranted. A decade ago the educational robotics community was devastated when the addition of robots to an undergraduate-level computing course was found to harm learning [4] . The authors concluded that one critical factor was the lack of access that students had to the robots. This conclusion is supported by research into more traditional (nonelectronic) classroom manipulatives which has shown the importance of giving students sufficient hands-on time with the manipulatives [5] .
Fortunately, as robot hardware has become more affordable (and simultaneously more powerful!), studies have shown that when students have more access to robots they do not have a negative impact [6] , and in fact there are indications that they may be beneficial [7, 8] .
In June 2011, we ran a pilot study in which twenty K-12 teachers were introduced to LEGO NXT-G programming in a three day workshop. The remainder of this paper describes the organization and implementation of the workshop itself as well as the results of data gathered from the teachers following the workshop and recommendations for others who may wish to run a similar program.
II. PREPARING FOR THE WORKSHOP

A. Finding an Engaging Context
Because we anticipated that the majority of our teachers would not have a specific need for computer science in their curricula, we wanted to give them a clear vision of how they might use this material beyond the classroom. Thus we titled the program "Start Your Own Robotics Club: Robot Programming for Absolute Beginners" and included material on the FIRST LEGO League (FLL) Robotics program for 9 to 14-year-olds. Our hope was that after our workshop they would have the confidence and skills to start FLL clubs at their schools.
Many of the teams that participate in FLL competitions are based in after-school clubs and coached by teachers. FLL teams compete in two parallel activities: the research project and the robot game. In the research project, students explore an actual problem that scientists and engineers are trying to solve. Students develop their own solutions to the problem and present the results of their work to judges at the FLL event. In the robot game, students build a robot out of LEGO components, and program it in one of two specialized languages to move autonomously on a themed playing field to score points.
Of the three key tasks involved in FLL competitions: research, LEGO design, and programming, we felt it was likely to be the programming component that secondary school teachers will be least prepared to teach. Further, it was easy to imagine that many teachers would find the prospect of learning to program on their own too intimidating to consider coaching a team.
We ourselves have been involved in running an FLL event for many years now and have been impressed with the quality of work that the children do in preparation for the event and with enthusiasm and energy that they bring with them. Beyond our anecdotal observations, formal studies of the FLL program have shown that FLL increases student interest in science & technology, improves their understanding of how science can be used to solve real-world problems, and increases other important skills including teamwork, leadership, and planning [9] .
B. Selecting Robot Hardware and Software
The LEGO Mindstorms robots [10] are the only robots approved by FLL, and the NXT-G software is one of only two FLL options, and these factors did have some influence on our choice of platform and software. We considered the ability to use FLL as a context to be an advantage, however this was not by any means the most important factor in our choice of this hardware and software -we could have easily decided to use an "after school robotics club" theme without any mention of FLL.
The Mindstorms NXT robots have many advantages for the middle and high school market. First and foremost, they are fairly robust -driving off a desk may (or may not) result in an explosion of LEGO bricks and beams around the classroom, but permanent damage is much less likely. The sets also come with an interesting assortment of sensors that work surprisingly well, and while it is hard to call the NXT robots inexpensive, they are relatively affordable and many schools have already purchased a few. Finally, while they may not be familiar with robotics or programming, most middle and high school teachers have at least some experience with traditional LEGO, which, we hoped, might reduce the "intimidation factor."
The LEGO NXT can be programmed in a wide variety of languages [11] , but as was previously mentioned, FLL only supports the two official languages supported by LEGO. Again, this did influence our choice of the NXT-G language, however much more important was our desire to use a visual programming language (following the scratch model) because we felt that would be less intimidating to teachers than a textbased language. Both NXT-G and LabVIEW (the other language supported by LEGO) are visual languages, however NXT-G is considerably simpler and thus we felt it was the better choice
C. Attracting Teachers to our Program: Minimizing Anxiety and Maximizing Value 1) Minimizing Anxiety: Removing the "Intimidation Factor"
It is our belief that anyone qualified to teach STEM (Science, Technology, Engineering, and Math) subjects at the secondary school level is highly capable of learning the basics of programming. However we are also very cognizant of the fact that many skilled math and science teachers have a fear of all things computer science -unfortunately we've heard statements like "computers just don't like me" all too often.
Thus we took great care from the very beginning to emphasize to teachers that they would not be overwhelmed by our workshop. All of our literature emphasized that teachers would be learning a visual programming language and that no prior programming experience was required. We even subtitled our workshop "LEGO Mindstorms Programming for Absolute Beginners."
2) Maximizing Value
We were fortunate to be the recipients of a Google CS4HS grant [12] to support our workshop. While we could have offered the workshop to the teachers free of charge, we chose instead to charge them a fee, but to give those who completed the three-day workshop a LEGO robot kit to bring home with them which alone was worth more than the cost of registration.
III. WORKSHOP DETAILS
A. Participants
Twenty teachers participated in our workshop. 17 of the 19 teachers who responded to our exit survey reported that they had little or no programming experience prior to attending our workshop.
While we originally advertised this workshop for middle school teachers, we attracted a much wider range. The teachers taught the following grades: B. Duration Our 3 day workshop ran from 8:30 a.m. to 5:00 p.m. In the exit survey, two of the teachers indicated that they felt the days were very long (though we also had comments that the length was just right or even too short). Our days were much longer than many other teachers' workshops run at our university; those typically run from 8:30 a.m. to 1:30 p.m. or 3:00 p.m.
We have a certain reluctance to shorten the length of the day simply because it is very difficult to imagine what we might cut. One obvious way to shorten the day would be to reduce the significant time (roughly 2 hours per day) we had allocated for breakfast, lunch, and breaks. We had intentionally put these extended breaks into our schedule in order to offer the teachers many opportunities to meet and interact informally with their colleagues so that they might form relationships that they could use during the school year, but are considering reducing them in future workshops.
C. Academic Topics 1) NXT-G Programming
As would be expected, roughly 75% of the academic time in the workshop was spent on NXT-G programming. This included lessons on simple outputs (displaying pictures and text on the NXT's small LCD screen and controlling motors), sensors (using the touch and light sensors), and programming concepts (loops, event handling, conditionals, functions, and variables).
2) FIRST LEGO League "Prep School"
Half of the remaining academic time was spent discussing topics relevant to those interested in starting FIRST LEGO League (FLL) Clubs at their schools. In addition to an overview of the FLL program, we included modules on the art of LEGO design, coaching students as they plan and carry out their research project, and preparing students for the judging process.
D. Other Ways to Integrate Computer Science into the
Classroom Each day, we gave teachers a break from robot programming by offering an introduction to another tool that they might find useful in their classrooms or in after-school programs. Our focus was on tools that they could use in their classrooms without having to buy additional hardware. We presented two other programming environments, Scratch [13, 14] and Alice [15, 16] . We also introduced Computer Science Unplugged [17] as an easy way to introduce Computer Science topics in their classrooms without needing a single computer.
E. Workshop Format
We used a variety of formats to teach the academic topics, including:
1) Interactive Robot Programming Lessons
These begin with a brief introduction to a topic, followed by a series of step-by-step programming examples that the instructor would walk the teachers through (the teachers would follow along by programming their own robots in parallel with the instructor). These lessons would conclude with time for hands-on exercises for the teachers to try individually or in small groups. Undergraduate teaching assistants were on hand to help keep the lessons moving by helping out when individuals got stuck.
2) Lectures
The FLL topics were presented as a set of short lectures during which teachers were encouraged to interrupt with questions. The "other ways to integrate Computer Science into your classroom" talks were lectures with some hands-on components.
3) Hands on Differentiated Instruction
Teachers were provided with sets of exercises of increasing difficulty and encouraged to pick the exercises that they felt were most appropriate. Faculty and undergraduate teaching assistants were available to help as needed.
4) Demonstrations
At the end of the workshop, the teachers demonstrated their favorite programs to each other.
IV. GATHERING DATA
A. The "Exit Survey"
At the end of the workshop we asked participants to complete an on-line survey which included detailed questions about their experience. Teachers were given the option of including their email address in the survey or remaining anonymous. Nineteen of the twenty teachers participating in the workshop completed the survey. Throughout this paper we use the term "exit survey" to refer to the data gathered from this survey.
B. The "Follow-up Survey"
In March 2012, roughly 9 months after the workshop, we emailed our workshop participants and asked them to complete another on-line survey which was completely anonymous. Eleven of the twenty participants completed this survey. Throughout this paper we use the term "follow-up survey" to refer to the data gathered from this survey.
While we wish we could have had a better response rate, our rate of 55% is actually quite respectable -the teachers had no incentive to complete the survey, and one teacher reported that he was unable to access it -his school blocked access to the survey web site! We are considering a variety of ways to improve follow-up responses in future workshops. Options include simply letting teachers know during the workshop that we'll be surveying them later and asking for their help, making the course textbook be an extra that they receive only if they agree to do their best to fill out the follow-up survey, or actually offering them an incentive at the time of the follow-up survey.
V. EVALUATING THE EFFECTIVENESS OF THE WORKSHOP
In this section we discuss our goals for the workshop and use the data from the exit and follow-up surveys to evaluate our success in achieving them.
A. Goal: Increase Teacher Confidence
As mentioned earlier, a major goal of this work was to demonstrate to the teachers that they were capable of learning and teaching this material. 89% of our teachers had little or no programming experience before attending our workshops. We mistakenly neglected to ask them about their confidence in teaching Computer Science concepts, but we did ask them two related questions on the exit survey, specifically: "Prior to taking this class how confident were you that YOU would be able to learn to program a robot?" Result: 2.68 on a scale of 1 ("Not at all confident") to 5 ("Very confident") "Now that the workshop is over, how has your confidence changed?" Result: 4.21 on a scale of 1 ("Much less confident") to 5 ("Much more confident").
B. Goal: Impact at least 100 students in the 2011/2012 school year
The results of our exit survey indicated that our teachers were anticipating impacting between 327 and 469+ students in the 2011/2012 academic year alone. 3 Expectations immediately following a summer workshop such as ours can certainly differ from the actual results achieved during the school year when teachers have much less time and many more demands of their time and energy. We must admit to being somewhat nervous when we sent out the 3 We asked teachers to report how many students they expected to be exposed follow-up survey, but that anxiety was quickly replaced with excitement as the data came in:
• Approximately 200 students have been exposed to this material in the classroom.
• Approximately 70 students have been exposed to this material outside of the classroom.
• The teachers anticipate that approximately 75 additional students will be exposed to this material during the remainder of the school year.
• The teachers also introduced the material to almost 20 non-students (other teachers as well as principals and other administrators).
Of course, these data are based on the 55% of teachers who chose to respond to our follow-up survey. It is difficult to imagine how to extrapolate these results to the full set of teachers. One might imagine that the teachers who did not respond were the ones who did not use the material. It seems unlikely that all 9 of the remaining teachers did not expose a single additional student to the material. We expect that was true for some, but probably not all, particularly since the survey was completely anonymous. Indeed 3 of the 11 teachers who did respond reported that they were not using any of the material this year. Of those three, two indicated that this was because of school-related issues beyond their control. Furthermore, as was mentioned above, at least one school district blocked access to our survey web site.
C. Goal: Integrate Computer Science Topics into both the School Day as well as Extra-Curricular Activities
As the numbers above indicate, teachers are using this material in and out of the classroom. We were actually surprised by the ratio reported by the teachers: we anticipated that teachers would find it difficult to integrate our material into their classroom curricula, and thus the majority of the students impacted would be in after-school clubs. In fact, there are almost three times as many students being exposed to this material in the classroom!
D. Goal: Improve Teacher Attitudes Towards Computer
Science Attitude towards computer science is very difficult to measure quantitatively and we are working to improve our survey questions for subsequent workshops to better assess this question. Nevertheless, one thing is clear from the data -the teachers were very pleased with our program. In response to the following question on the exit survey: "How strongly do you agree or disagree with the following: Overall, I found this workshop to be worthwhile," we scored 4.68 on a scale of 1 (Strongly disagree) to 5 (Strongly agree). Additionally, in response to the question "Would you recommend this workshop to a colleague?" we scored 4.79 on a scale of 1 (Not likely at all) to 5 (For sure!)
We hope that the teachers' attitudes towards computer science have indeed improved, and that they have passed this on to their students.
VI. RECOMMENDATIONS
Given the astonishing impact that one small workshop can have, we hope that others will follow our lead and establish similar workshops in their communities. In this section we discuss some of the techniques and tools that we used in our workshop that we think worked particularly well.
A. Hardware
We gave each teacher a LEGO Mindstorms Education NXT Base Set [18] along with the NXT-G software [19] . We strongly prefer the education set over the commercial set because it comes with a well-designed storage box and includes diagrams explaining how to store all the parts in an organized way. While this may seem at first seem to be a trivial detail, in practice it is so important for classroom use that we felt it essential to include this recommendation in this paper. The Education Base Set also includes a rechargeable battery pack which is important for anyone who doesn't have access to a vast supply of AA batteries.
The primary disadvantage of the Education Base Set is that the software is sold separately.
B. Student Teaching Assistants
We had 5 Computer Science undergraduate students that we hired to work with the 20 teachers during all of the lecture and hands-on periods. During the lectures, it was quite common for a teacher to say things like, "wait, what do I press?" or "my screen looks different" or "mine won't download." Without the student TAs this would have been very disruptive and slowed us down a lot. Instead, the TAs jumped in as needed and clarified and/or solved most problems very quickly. The teachers gave them rave reviews: 4 "They were great very helpful, they told you how to fix a problem but left you to do it so that you learned but if you could not get it they showed you how to fix it." "They were amazingly nice, professional, fun and patient!" "Very knowledge and always willing to help. Did not make you feel stupid."
C. Teachers Programming their own Robots in Parallel with
the Instructor Because we targeted our workshop at teachers with little or no programming experience, having them actively follow along seemed essential to giving them early confidence. Teacher comments on the exit survey indicate we succeeded:
"[The first day was a] great intro day, not too scary!" "This was a very fun day. Speakers and students made it seem possible to master programming."
D. Hands-on Differentiated Instruction
By the end of the first day it was very clear that some of the teachers, perhaps due to prior experience, natural ability, or even confidence level, were keen to work on more difficult problems, while others wanted to take things very slowly. So that night we modified the day 2 hands-on exercises to offer the teachers a wide range of options -everything from "try to rewrite the programs we wrote in lecture on your own without peeking at your previous solutions" to "try one of the advanced FIRST LEGO league challenges." We had teachers at both extremes. This worked so well we repeated it on day 3. "For me, I felt the unstructured time was great for all of us to work on our own projects. I would have been completely lost if it weren't for your wonderful TA's." "Really enjoyed having time to work on our own and program our own stuff."
E. Mid-Course Surveys
We asked teachers to fill out mid-course surveys twice on day one (at lunch and late afternoon) and in the afternoon on day two. The surveys had four simple questions: two about the pace of the workshop, one asking if there were any unanswered questions, and the final one asking for any other comments. While mostly they served to reassure use that, on the whole, things were going well, we did get the occasional question or suggestion that was useful.
F. One Robot Per Participant
This is obviously expensive, and we were particularly fortunate that our grant funds enabled us to give each teacher their own robot to use at the workshop and bring back to their school afterwards. Having one robot per participant was not only useful during the lessons -the most enthusiastic teachers could bring the robots home in the evening to explore further. Even more importantly, teachers had the robot at home all summer to prepare for classes and clubs in the fall.
G. Building the Robots Prior to the Workshop
Each teacher was given a pre-built robot at the start of the workshop. While there is certainly a learning curve to working with LEGOs, even with detailed instructions and experience building the same base multiple times, we found the process time consuming. Had we left this task to the teachers we would have lost several hours that were better spent focusing on programming.
H. Giving each Participant His or Her Own Flash Drive
We handed out flash drives every morning and collected them at the conclusions of day one and two so we could add material. During the workshop this meant that they had quick and easy access to sample code, executables (including a full version of the Scratch programming environment), and workshop slides. Of course they took the drives home with them and now have a record of everything we did in one convenient place
I. Each Teacher Bringing His or Her Own Laptop
We advertised the workshop as "laptop recommended," planning on loaning one to any teacher who didn't bring one along. In retrospect, there is a huge value to the teachers going home with the software and all of their programs on their personal laptop, and we're very pleased they all brought one. In addition, one teacher brought a netbook whose screen was too small to display all of the panels on the LEGO NXT-G software window making it (initially) unusable. We loaned her a laptop and one of our TAs managed (with significant effort) to find a way to display the different panels in individual windows. Had the teacher not brought her netbook to the class, she would have assumed that she couldn't use the LEGO software on a small screen. Instead, the whole class learned that there is a solution to this problem, and we posted the solution on the web so that they (and others) can find it in the future.
VII. CONCLUSION
It is quite remarkable that a single small workshop can have such a significant impact on a community. Twenty teachers who were, as a group, very unsure about their ability to learn to program robots left after three days with dramatic increases in their level of confidence. These teachers brought the material back to their schools, and by the end of this academic year alone several hundred students will have been exposed to the material, along with tens of other educators and administrators.
We hope that this paper will encourage others to develop similar workshops. Perhaps together we will be able to change the way computer science is introduced to young people, and that eventually computer science will become a significant part of middle and high school curricula across the country.
